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This invention involves a method for microwave synthesis of 
nanometer grade titanium carbide, in which titanium dioxide and acetylene 
carbon black are dried, and are then mixed even through ball-milling at the 
mass ratio of raw material : zirconium ball : absolute ethyl alcohol =1:1 
to 5 : 3 to 6, which is dried for implementation of synthesis through 
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synthesis mainly based on the theory of carbothermic method, which is 
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and ease of control, and the condition of the TiC powder obtained does not 
promote conglobation, does not require reprocessing, and is free from 
impurities. 
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Claims 



1. This is a method for microwave synthesis of nanometer grade titanium carbide, and it has the following features: it 
includes the following procedures and technological conditions: 

Step One: dry titanium dioxide and acetylene carbon black to constant weight, and weigh materials at the mass ratio of 
titanium dioxide : acetylene carbon black = 80 : 36; 

Step Two: perform ball-milling for 12 to 24 hours at the mass ratio of raw material : zirconium ball : absolute ethyl 
alcohol = 1 : 1 to 5 : 3 to 6, till it is mixed even; 
Step Three: dry the slurry to constant weight; 

Step Four: heat to 1200 to 1400°C through microwave heating, and then hold it for 10 to 30 minutes at constant 
temperature. 

2. With regard to the method for microwave synthesis of nanometer grade titanium carbide as mentioned in Claim 1, it has 
the following features: argon gas may be introduced as a protective gas in the process of microwave heating. 
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Description 



A Method for Microwave Synthesis of Nanometer Grade Titanium Carbide 

(I) Field of Technology 

This invention involves the technological field of inorganic material, and specifically refers to a method for microwave 
synthesis of nanometer grade titanium carbide. 

(II) Background Technology 

Currently, the ordinary methods for titanium carbide (TiC) synthesis can be divided into three types: (1) use of metallic 
titanium or titanium halide for direct synthesis of TiC through carbonization; (2) use of gas titanium halide (for example: TiCl 4 ) for 
synthesis of TiC through pyrolysis in a carbon-containing atmosphere; (3) synthesis of TiC through carbon thermal reduction of 
Ti0 2 under high temperature in a controlled atmosphere. The method for synthesis of TiC at relatively low cost is to produce it 
through Ti0 2 reaction with carbon black at 1700 to 2100°C. The equation is: 

Ti0 2 + 3C = TiC + 2COt 

But the method is limited to a certain degree. Because the progress of reaction is under the influence of Ti0 2 particle size and the 
degree of mutual contact, the synthetic product will contain Ti0 2 and carbon black that have not reacted completely. In order to 
improve the contact surface between Ti0 2 and C so that carbon black can be well distributed on the surface of Ti0 2 particles, one 
of the methods is to decompose C 3 H* gas at 400 to 600°C so that the C powder obtained after its decomposition can be evenly 
distributed on the surface of Ti0 2 particles, and then TiC is synthesized through carbon thermal reduction of Ti0 2 in the inert gas. 
High-quality TiC can be produced through this technological process. It has the following features: C powder can be evenly coated 
on Ti0 2 particles; the contact area is large between C powder and Ti0 2 particles; and the synthesized TiC is of fine particles (< 
0.1 urn). 

When metallic Ti powder and C powder are used to synthesize TiC, it is mostly performed through self-propagating high 
temperature synthesis (SHS), but the use of SHS for synthesis of TiC will subject the purity thereof to the influence of the gases as 
contained in the reactant, such as water vapor, hydrogen gas, carbon dioxide and hydrocarbon. Therefore, before the reaction 
begins, the reactant shall be treated through vacuum baking at a proper temperature. In addition, a chemical coprecipitation in-situ 
synthesis process can also be used, and the reaction precursor for this process is in liquid state (such as titanium sulfate and butyl 
titanate), which is mixed with sucrose at the reaction ratio to prepare a buffer solution, and is then concentrated, dehydrated and 
carbonated at a certain temperature, and the temperature is thereafter increased to 1750°C in the protective atmosphere to 
synthesize TiC through carbonization. Currently, some people are also doing research work on preparation of TiC through reactive 
ball-milling technology. 

A comprehensive view reveals that the existing technologies for preparation of TiC all have some disadvantages: the reaction 
temperature is high, and is above 1400°C in all cases; the preparation technology is complicated, and the technological process is 
relatively difficult to control; TiC prepared by SHS is lumpy, and needs ball-milling, and after that, the product can only reach 
micron grade, and may be mixed with all kinds of impurities in processing. 
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(III) Content of Invention 

In order to overcome the defects in existing technologies, this invention provides a method for microwave synthesis of 
nanometer grade titanium carbide, which is simple in technological process, is easy to control, requires no reprocessing, is free 
from impurities, and can provide quick synthesis at relatively low temperature (1200°C). 

This is a method for microwave synthesis of nanometer grade titanium carbide, and it has the following features: it includes 
the following procedures and technological conditions: 

Step One: dry titanium dioxide and acetylene carbon black to constant weight, and weigh materials at the mass ratio of 
titanium dioxide : acetylene carbon black = 80 : 36; 

Step Two: perform ball-milling for 12 to 24 hours at the mass ratio of raw material : zirconium ball : absolute ethyl alcohol = 
1 : 1 to 5 : 3 to 6, till it is mixed even; 

Step Three: dry the slurry to constant weight; 

Step Four: heat to 1200 to 1400°C through microwave heating, and then hold it for 10 to 30 minutes at constant temperature. 
Argon gas may be introduced as a protective gas in the process of microwave heating. 
This invention mainly makes use of the theory of carbon thermal reduction, and the equation is: 

Ti0 2 + 3C = TiC + 2COt 

In comparison with the existing technologies, this invention has the following advantages and beneficial effects: 

1. For this invention, CO gas is generated in reaction, and the pressure of CO will thus have an impact on the initial 
temperature for reaction, and based on reference, when Pco = 0.1 atm, the initial temperature for the abovementioned reaction is 
1200°C. Because microwave heating is used to synthesize TiC, the temperature will reach 1200 to 1400°C quickly in the reaction, 
and quick synthesis of TiC can be implemented within the temperature range with synthesis rate at more than 97%. The crystal 
grain size for product TiC is 45.63 to 87.57 nm. 

2. This invention is simple in technological process and easy to control, and the obtained TiC powder does readily 
conglobate, does not require reprocessing, and is free from impurities. 

(IV) Specific Implementation Procedures 
Implementation Case I: 

Step One: in the oven, dry titanium dioxide (15 nm, rutile type, content > 91%) and acetylene carbon black (specific surface 
area 58.866 m 2 /g), at 105°C, to constant weight, and weigh 87.7 grams of titanium dioxide and 36 grams of acetylene carbon black; 
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Step Two: take 450 grams of oxidized zirconium balls, 500 ml of 95% ethanol, and feed in raw material, and perform 
ball-milling and mixing for 12 hours in the aluminum oxide ball-milling tank (or rubber tank), till it is even; 
Step Three: dry the slurry to constant weight at 1 00°C; 

Step Four: weigh 75 grams of mixture and place it in the MFM-863 microwave sintering oven, then perform vacuum pumping 
for 20 minutes, introduce argon gas as a protective gas with pressure at 1 atm, heat to 1200°C through microwave heating, and hold 
it for 30 minutes at constant temperature. 

Implementation Case II: 

Step One: dry titanium dioxide (15 nm, rutile type, content > 91%) and acetylene carbon black (specific surface area 
58.866 m 2 /g) at 80°C in the oven to constant weight, and weigh 87.7 grams of titanium dioxide and 36 grams of acetylene carbon 
black; 

Step Two: take 125 grams of oxidized zirconium balls, 300 ml of 95% ethanol, and feed in raw material, and perform 
ball-milling and mixing for 24 hours in the aluminum oxide ball-milling tank (or rubber tank), till it is even; 
Step Three: dry the slurry to constant weight at 80°C; 

Step Four: weigh 75 grams of mixture and place it in the MFM-863 microwave sintering oven, then perform vacuum pumping 
for 20 minutes, introduce argon gas as a protective gas with pressure at 1 atm, heat to 1300°C through microwave heating, and hold 
it for 20 minutes at constant temperature. 

Implementation Case III: 

Step One: dry titanium dioxide (15 nm, rutile type, content > 91%) and acetylene carbon black (specific surface area 
58.866 m 2 /g) at 90°C in the oven to constant weight, and weigh 87.7 grams of titanium dioxide and 36 grams of acetylene carbon 
black; 

Step Two: take 620 grams of oxidized zirconium balls, 600 ml of 95% ethanol, and feed in raw material, and perform 
ball-milling and mixing for 1 8 hours in the aluminum oxide ball-milling tank (or rubber tank), till it is even; 
Step Three: dry the slurry to constant weight at 90°C; 

Step Four: weigh 75 grams of mixture and place it in the MFM-863 microwave sintering oven, then perform vacuum pumping 
for 20 minutes, introduce argon gas as a protective gas with pressure at 1 atm, heat to 1400°C through microwave heating, and hold 
it for 1 0 minutes at constant temperature. 

For the three implementation cases as mentioned above, cool down to room temperature, discharge and weigh so as to 
calculate synthesis rate, then take a certain amount of TiC for performing phase analysis with X-ray diffraction and for performing 
particle size analysis with transmission electron microscope. Refer to the following table for results of analysis: 
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Synthesis Rate% 


Phase Analysis 


Crystal Grain Size (nm) 


Implementation Case I 


97 


97% of product is TiC, and the rest is Ti0 2 


45.63 


Implementation Case II 


100 


Product is entirely TiC 


87.57 


Implementation Case III 


100 


Product is entirely TiC 


59.04 
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